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Stem rust disease caused by Puccinia graminis f. sp. tritici (Eriks and E. Henn) possess the greatest threat to global wheat production due to continuously producing new races that can attack previously resistant varieties. This investigation was therefore conducted under greenhouse and field conditions by evaluating durum wheat (Triticum turgidum L.) cultivars along with a susceptible check for their resistance to stem rust during the 2017 main cropping season. Greenhouse evaluation was conducted at Ambo for race TTTTF. The field experiment was undertaken at Adet and Debre-Tabor in a randomized complete block design (RCBD) with three replications. The spreader row Morocco was inoculated with a virulent race (TTTTF) at stem elongation. Field resistance at the adult plant stage was assessed through final disease severity (FRS), coefficient of infection (CI), and area under disease progressive curve (AUDPC). Durum wheat cultivars Mettaya and Oda were found to be resistant both at the seedling and post seedling stages suggesting resistance confer by a major gene. Whereas Bakalcha, Lelisso, Ilani and Yerer showed low disease severities ˂30 with lower AUDPC values (˂500) and CI (˂20) and were identified to have a good level of field resistance for stem rust population present at Adet and Debre-Tabor. High correlation coefficients were observed between stem rust resistance parameters. Among the cultivars having a good level of resistance Lelisso, Bichena and Bakalcha produce high yields with heavy kernel weight in both locations. The resistance cultivars identified from the present study can be used for further wheat improvement programs.
relative humidity at 60-70% for 14 days [22] . Data on infection types Table 1 were recorded 14 days after inoculation from leaves using 0-4 scale [23] . 
Field Experiment
The experiment was conducted at Adet and Debre-Tabor agricultural research stations, where wheat is commonly grown. Adet is found at an altitude of 2240m above sea level. The station receives an annual mean rainfall of 869 mm with an average annual temperature of 18.56. Whereas another research site Debre -Tabore is found 2591m above sea level and receives an average annual rainfall of 1102.7mm with 15.48 o c average annual temperature.
A total of twenty-four durum wheat cultivars [24] . Terminal severity was score at near maturity stage of the crop.
The disease severities recorded at different time were utilized for the calculation of AUDPC for each cultivar using the formula below [25, 26] :
AUDPC=
Where, xi is the cumulative disease severity expressed as a proportion at the i th observation; ti is the time (days after planting) at the i th observation and n is total number of observations.
Coefficients of Infection (CI) were calculated by taking into account the severity of stem rust of the cultivars and their infection response [22] . The reaction type was record according to the description of Roelfs, et al. [27] .
The scores were converted into coefficients of infection by multiplying the percentage severity and a constant assigned for host response: where immune = 0.0, R= 0.2, MR= 0.4, MR-MS = 0.6, MS = 0.8, MS-S = 0.9 and S= 1.0.
The disease severity observations recorded at 10 days interval were regressed over time and the apparent infection rates or the coefficient of the regression line for each plot was calculated [28] .
Inf-rate = ln [X/ (100 -X)]
Where X is average coefficient infection plotted against time in days [28] . Released by  Released year  1  Utuba  DZARC  2015  2  Bichena  DZARC  1995  3  Mangudo  SARC  2012  4  Mekuye  DZARC  2012  5  Toltu  SARC  2010  6  Hitosa  DZARC  2009  7  Denbi  DZARC  2009  8  Werer  DZARC  2009  9  Tati  SARC  2009  10  Filakit  SRARC  2007  11  Obsa  SARC  2006  12  Ejersa  SARC  2005  13  Bakalcha  SARC  2005  14  Kokate  AWARC  2005  15  Malefia  SRARC  2005  16  Oda  SARC  2004  17  Ilani  SARC  2004  18  Megenagna  ADARC  2004  19  Mosobo  ADARC  2004  20  Mettaya  ADARC  2004  21  Selam  ADARC  2004  22  Yerer  DZARC  2002  23  Lelisso  SARC  2002  24  Ude  DZARC  2002  25 Arendeto Susceptible check Note: Minstry of Agriculture (MoA) [29] .
S/N Cultivar

Data Analysis
Green house evaluation was analyzed by using descriptive statistics. All the data generated from field experiments were subjected to ANOVA following the procedure described by Gomez and Gomez [30] for one factor complete randomized block design (RCBD) using the PROC GLM procedure of SAS 9.2 statistical software [31] to determine significant differences among cultivars. Duncan multiple range test was used to compare the significant means. Correlation was done using SPSS software [32] version 16 to determine the relationship between disease parameters.
RESULTS AND DISCUSSION
Results of Seedling Reaction
The greenhouse experiment revealed that the tested durum wheat cultivars differed in their reaction to the stem rust isolates of TTTTF Table 3 . Of the 24 Ethiopian durum wheat cultivars, no complete resistance "0" was observed. However, 17 cultivars exhibiting resistant (IT"s of ";", "1", "2" or combinations), to isolates of race TTTTF. Three cultivars (Mangudo, Obsa and Ejersa) showed susceptible infection types (3 -) for the tested race. While, some cultivars including Hitosa, Denbi, Tati and Mosobo were noted having a heterogeneous reaction "x".
The low infection types scored on most of the cultivars against these races could be due to the presence of one or more major Sr-genes. This result is in agreement with Ogutu, et al. [33] who reported cultivars that exhibited low infection types at seedling stage could be either due to one or more of the Sr-genes or a combination that had similar infection type pattern towards the races. Major gene resistance/seedling resistance can offer complete protection and significant economic benefits to farmers [34] . Therefore these cultivars can be used as sources of stem rust resistance when the aim of the breeding program is for major gene. However, stem rust resistance at the seedling stage may not be indicative of the reaction at the adult plant stage because some genes are effective only at specific growth stages Ogutu, et al. [33] and cultivars that exhibited high infection type may display minor gene resistance at adult plant stage [34] . Therefore, combining seedling resistance with adult plant resistance in the field will provide valuable indications to select resistance cultivars.
Field Experiment
Categories of Cultivars Based on Seedling and Adult Plant Reaction
Based on infection types observed at seedling and adult plant stages cultivars were categorized into four groups according to Safavi and Afshari [35] as follows: The first group included two cultivars (Oda and Mettaya) that were resistant to stem rust both at the seedling and post seedling stages. This group most probably carried a major gene(s) that were effective against all the pathotypes present in the test site. Low disease development on the tested cultivars in each location presenting evidence that seedling resistance was effective under field conditions as these cultivars displayed significantly low FRS [36] . Cultivars with R genes are not durable in agriculture because of new virulent race would arise that overcame single resistance genes in race-specific resistance varieties [37] .
The second group included five cultivars (Obsa, Ejersa, Mangudo, Denbi and Mosobo) which had susceptible and mixed reactions to stem rust at the seedling stage but moderately resistant to intermediate (MR or MRMS) or moderately susceptible (MS) at the adult plant stage on both locations. This result is in agreement with [36] cultivars susceptible at the seedling stage expressed different levels of slow rusting in field tests. This kind of resistance in some cultivars cannot alter with variability in climatic conditions coupled with pathogen population variability. Slow rusting through many gene resistances was assumed to be more durable as compared to resistance conditioned by single major resistance genes [37] .
The third group included only susceptible check Arendeto that was susceptible to stem rust both at the seedling and adult plant stages (MSS or S). This group lacked effective race-specific and non-race-specific resistance gene(s) towards the race(s) populations present at the test site. Gerardo were resistant at the seedling stage but were susceptible at the adult stage. However, cultivars that exhibited resistance at the seedling stage but MR/MRMS field reaction with statistically low stem rust disease severities have a possibility of containing other stem rust resistance genes in their background that are responsible for reduced disease severity [39] .
According to Singh, et al. [40] cultivars with compatible host-pathogen interaction may possess field resistance. Therefore, low disease development with high infection response on the tested cultivars in each location presenting evidence that the presence of partial resistance in addition to race specific resistance. In harmony with this Figlan, et al. [41] reported of the tested Kenyan cultivar (Paka) carry the APR Sr2 gene with race specific resistance gene which exhibited resistance reaction at seedling stage but high infection response at adult stage.
Generally, according to Chen, et al. [42] the resistance confers at field conditions may provide either due to racespecific or race nonspecific and /or combination of both resistance. However, it is difficult to distinguish race nonspecific resistance from the resistance conferred by genes of race-nonspecific nature based on the adult plant infection type. Therefore, evaluating cultivars by using parameters such as disease severity, area under disease progress curve or the measurement of apparent infection rates and coefficients of infection values is important. [44] variation in levels of resistance could be attributed to differences in the number of resistance genes present and mode of gene action. Besides, variation in final stem rust severity suggested that the genotypes had diverse genetic backgrounds [45] .
Final rust severity represents the cumulative result of all resistance factors during the progress of epidemics [46] . observed was more than 50%.
In fact, cultivars that grouped under a high level of field resistance at Debre-Tabor were grouped under moderate and low levels of field resistance at Adet. This is because varieties that are resistant to stem rust in one
year or one location may be susceptible in another year or location depending upon the virulence of the pathogen [51] . Variability in the host response could be attributed to the variability in the resistance expression due to pathogen population variability, coupled with variability in climatic conditions Ali, et al. [47] . Strange [52] suggests that temperature may have significant effects on the expression of resistance genes. The gene Sr6, is effective at lower temperatures less than 20°C but ineffective at 24-27°C. Similarly, the gene Sr10 and Sr12 is effective at lower temperatures; whereas the gene Sr14 is effective under high temperature and high light conditions [53] . In addition virulence capacity of pathogen affected by temperature changes [27] .
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Coefficient of Infection (CI) Value
The data on disease severity and host reaction were combined to calculate the coefficient of infection (CI) [54] .
Results of ANOVA for coefficient of infection showed a highly significant difference at p<0.01 among the tested Table 3 .
Area under Disease Progress Curve (AUDPC)
Data pertaining AUDPC values of durum wheat cultivars is given in ( AUDPC is a good indicator of adult plant resistance under field conditions [57] . It is directly related with level of resistance and yield loss [58] . In quantitative resistance, where differences in level of resistance are usually less distinct, measuring disease progress is important for understanding plant -pathogen interaction [59] . Furthermore, AUDPC in particular is the result of all factors that influence disease development such as differences in environmental conditions, varieties and population of the pathogen [40] . Varieties that had low AUDPC and FRS may have a good level of adult plant resistance [57] . Therefore, selection of cultivars having low AUDPC with terminal disease scores is normally accepted for practical purposes where the aim is to utilize slow rusting resistance as one of the stem rust management mechanisms [60] .
Apparent Infection Rate
Analysis of variance (ANOVA) for apparent infection rate showed a highly significant difference at p<0.01 among tested cultivars at both environments. At Adet the fastest disease multiplication was noted on Tati (0.180) followed by Arendeto with 0.172 infection rates; whereas at Debre-Tabor the maximum rate of disease development (0.113) was noted on cultivar Malefia followed by Arendato (0.082). Cultivar Lelisso showed a constant disease severity, thus showed no disease increase per unit time with an inf-rate of 0 at Debre-Tabor. On the other hand, Bakalcha exhibited slow rate of disease development (0.067) at Adet Table 3 .
Plants differ in their ability to either reduce or increase the rate of disease development for a particular pathogen [61] . Rate of disease development can be quantified through regressing several observations (logit x) of a disease symptom over time [62] . Meanwhile, the progress of disease symptoms is parallel to the progress of inoculum production. Therefore pathologists use "Inf-rate"" to measure the aggressiveness of pathogen or the resistance/susceptibility range of the host [63] . However, there is no clear information to categorize cultivars based on infection rate.
The present study evaluate cultivars based on FRS, CI and AUDPC value results infection rate of less than 0.12 had a better level of partial resistance. Cultivars with a moderate level of partial resistance, with regard to other parameters, had infection rates ranging from 0.126 to 0.16. In contrast to this Safavi, et al. [48] reported cultivars having infection rate of (0-0.057) and (0.065-0.086) ranked as high and moderate level of partial resistance.
Additionally, Safavi and Afshari [35] reported cultivars having infection rates less than 0.09 comprise better level of partial resistance. Therefore, it lacks consistency. In spite of its importance to quantify the rate of disease development on the cultivars tested using infection rate to estimate partial resistance seemed unreliable when compared with FRS, CI and AUDPC because it could not identify different levels of partial resistance among the tested cultivar. Similarly, Hei [50] and Ali, et al. [64] reported infection rate doesn"t yield consistent estimation for their study.
Correlation between Slow Rusting Parameters of Wheat Stem Rust
During this investigation, attempts were made to elucidate the relationship between field-based slow rusting parameters. The Pearson correlation coefficient analysis showed highly significant and positive correlation coefficients between the disease parameters in both locations Table 4 . A positive and highly significant correlations of FRS with AUDPC (r = 0.959), CI (r = 0.896) and Inf rate (0.909) were found at Adet. Significant and positive correlation coefficients of 0.986, 0.994 and 0.668 were also observed between FRS and AUDPC, CI and Inf rate at
Debre-Tabor respectively.
The highest correlation coefficient was between final rust severity and AUDPC in both locations (r = 0.959) at
Adet and (r=0.986) Debre-Tabor. This indicating that cultivars that were severely infected showed higher AUDPC values [58] . This positive correlation was in agreement with the results of other researchers on cereal-rust pathosystems [35, 48, 50, 65] . Averagely the lowest r-value was obtained between infection rate and other parameters Table 4 . This indicates that diminishing of disease progress rate over time with expanding of rust disease. This can be due to less availability of healthy plant tissue for additional infections [66] . Furthermore, highly significant and positive correlation coefficients observed between FRS, CI and AUDPC suggested, these parameters were reliable estimators in assessing partial or slow rusting resistance of different cultivars to wheat rust diseases. These epidemiological parameters give a dependable rate of disease increase and are related with components of partial resistance like low receptivity, longer latent period and smaller pustules [67] .
Therefore, selection of cultivars based on lower values of final disease score, coefficient of infection and AUDPC provides a sound basis for identifying cultivars having durable resistance. Accordingly, wheat cultivars Bakalcha, Lelisso, Ilani, Yerer, Mettaya, Oda and Bichena showed AUDPC values below 500, final disease scores of less than 30 and CI between 0-20 with varied field responses (R to MS) in both locations. All these cultivars were posed resistance at the time of seedling reaction test towards race TTTTF. Therefore, the cultivars that had seedling stage resistance with a lower value of epidemiological parameters suggesting a possibility to reflect adequate and durable resistance. Wang, et al. [57] explained that durable resistance achieve through combining major resistance genes and APR genes and added the adult plant resistance (APR) is of major importance in breeding for an efficient genetic control strategy.
Thousand Grain Weight
Thousand kernel weight is an important component of yield mostly affected by stem rust. The analysis of variance showed highly significant variability at p<0.01 among cultivars evaluated for production of 1000 grain weight.
The heavier 1000 grain weight was obtained at Debre-Tabor by the cultivar Lelisso (39.8g) followed by Selam (37.9g) and Ude (34.4g ). On the other hand at Adet Kokate yields a maximum 1000-grain weight of 35.9 g followed by Lelisso (34.5g).
In fact, cultivar Arendeto and Malefia displayed higher severity resulting in lowest 1000-grain weight production among tested cultivar on both locations Table 5 . The reduction in TKW for susceptible Arendeto and Malefia might be due to the effect of the disease on the size and mass of the seed. Nzuve, et al. [39] also observed that the susceptible check "CACUKE" used in their study showed the least TKW. Asmmawy, et al. [68] reported an average loss in 1000 kernel weight by stem rust ranged from 2.03 % to 6.71 %.
Grain Yield
There was a highly significant difference at P < 0.01 between entries for grain yield. From the beginning, it should be underlined that the variances in grain yield among the entries could be clarified not only by differences in the levels of disease attack but also in the yield potential of the varieties. Table 5 .
The result revealed that the ranking of the cultivars for grain yield partially disagree with ranking for resistance specifically at Adet. For example, the disease severity recorded on cultivar Tati was 62% at Adet but the yield obtained from cultivar Tati was higher (3.82 t ha -1 ) than some cultivar that had disease severities less than 15% such as Yerer, Oda and Ilani Table 5 . This may confirm that stem rust severity difference alone could not cause variation in yield among the cultivars [44] .
Cultivars might also differ in their genetic yield potential and may express differently in different environments. In the present study yields of the tested cultivars were lower at Debre-Tabor while their yields were high at Adet. This indicated that environment affected the expression of the cultivars" genetic potential. The study of Hamam and Khaled [69] and Mohammadi, et al. [70] indicated that grain yield of wheat varieties largely depend on climatic conditions. Cultivar Selam clearly demonstrates the effect of environment on the expression of the genetic yield potential of a cultivar as its grain yield declined from 4.13 t ha -1 at Adet to 3.1 t ha -1 at Debre-Tabor. Note: ** represent highly significance difference at P < 0.01; Means within a column followed by the same letter are not significantly different at p=0.01;, TKW= thousand kernels weights and GY=grain yield.
Among the identified resistance cultivars Lelisso, Bichena and Bakalcha had the highest yield in both locations Table 5 . Their comparatively better yields make them recommended as a resistance cultivars and stem rust resistance donor parent in wheat breeding programs. Conversely, cultivars Malefia had lowest yield with poor genetic resistance in both locations. The combined extent of poor genetic resistance with low yield could probably suggest that stem rust disease reduced the grain yield of durum wheat cultivar. However, there was no protected check plot established for each genotype to obtain information to calculate yield loss.
CONCLUSION AND RECOMMENDATIONS
In the study, seventeen durum wheat cultivars were resistant and three cultivars were susceptible to stem rust race TTTTF at the seedling stage. Cultivar Mettaya and Oda were supposed to confer major gene resistance. Therefore they can be used as sources of stem rust resistance when the aim of the breeding program is for major gene. However, these cultivars should be assessed for stem rust population on different locations by including other growing seasons to account for stability over years and locations before approval. This could be followed by inheritance studies coupled with marker assisted selection to establish the identity of these genes conditioning the resistance among these cultivars.
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